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(sJ) Composite materials and a process for producing the same. 

(57) A composite material comprising a structural material and an amorphous SiC film covering a surface 
of the structural material. The ratio :C/(Si + C) between C and Si is not less than 0.03 and not more than 
1 in terms of the number of atoms. A process for producing the composite material is also disclosed, 
which comprises the step of forming an amorphous SiC film onto a surface of a structural material by a 
plasma CVD, the film satisfying the above ratio. The process can be carried out at relatively low 
temperatures, and hence on a variety of structural materials. 
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COMPOSITE MATERIALS AND A PROCESS FOR PRODUCING THE SAME 

The present invention relates to composite materials in which an SIC film is formed on the surface of a 
structural material, and also to processes for producing the same. In particular, the invention relates to com- 
posite materials capable of suitably using low melting point structural materials and a process for producing 
5 the same. 

In order to impart properties, such as corrosion resistance, upon structural materials, a technique is formerly 
known, in which the surface of a structural material made of, for example, stainless steel, is covered with a 
crystalline SiC film having a ratio of Si:C being 1:1 in terms of number of atoms by a heat CVD. 

In this heat CVD process, the structural material is coated with a desired crystalline SiC film formed by the 
10 by flowing SiCf 4 or SiHCf 3 as an Si source material and a C source material as a starting material along the 
structural material at a temperature not lower than 1 ,100°C under atmospheric pressure (See J. Schlichting, 
Powder Metallurgy International, 12(3) . pp. 141 (1980), and T. Hirai, et al, Yogyo-Kyokai-Shi, 91(11) . pp. 502 
(1983)). 

Owing to this, since the structural material to be covered with the crystalline SiC film needs to withstand a 
is temperature not less than 1,100°C, there is a problem in that this technique cannot be applied to low melting 
point materials such as aluminum or stainless steel. That is, when a crystalline SiC film is to be formed on such 
a low melting point material by the heat CVD process, the structural material melts before the formation of the 
film. 

(t has been reported that an amorphous SiC film formed by plasma CVD is corroded by Cf F 3 (See Sales 
20 Brochure "Proposal for self cleaning technology with Ct F 3 " Iwatani Sangyo K.K. & Central Glass K.K.). Thus, 
it has been predicted that the plasma CVD is no use for making SiC film coating. 

The problem addressed herein is to provide new SiC coated products and coating processes, preferably 
non-corrodable products and preferably products and processes in which a low melting point material may be 
used. 

25 A first aspect of the present invention is to provide composite materials in which the surface of a structural 

material is covered with an amorphous SiC film having a ratio:C/(Si + C) between C and Si being not less than 

0.03 in terms of the number of atoms. 

A second aspect of the present invention is to provide a process for producing a composite material by 

forming an amorphous SiC film onto the surface of a structural material by a plasma CVD process, the ratio:C/(Si 
30 + C) between C and Si being not less than 0.03 in terms of the number^of atoms. The upper limit of C/(Si + C) 

is 1. 

In the above-mentioned construction, since an amorphous SiC film having the specific ratio between C and 
Si in terms of the number of atoms can be formed on the surface of the structural material at low temperatures 
by the plasma CVD process, structural materials having low melting points can be used as the structural ma- 
35 terial. 

The reason why the film is limited to the amorphous SiC film, in the present invention, is that unless the 
film is at least amorphous, the SiC film cannot be formed at low temperatures. In addition, if the ratio:C/(Si + 
C) between C and Si is less than 0.03 in terms of the number of atoms, as is clear from examples mentioned 
later, it deteriorates corrosion resistance. Therefore, the ratio is required to be not less than 0.03. Preferably it 
40 is at least 0.3. 

Further, the reason why the plasma CVD process needs to be used for the formation of the amorphous 
SiC film is that the starting gaseous materials can be decomposed at low temperatures with the plasma gen- 
erated, so that the amorphous SiC film may be formed at low temperatures, below 1 100°C e.g. below 500°C. 

It is preferable that the structural material is attached to the cathode side or the structural material itself is 
45 employed as the electrode or the cathode in the plasma CVD. For, in this case, plasma atoms impinge upon 
the cathode, so that the film can be firmly fixed to the surface of the structural material. 

Further, in order to vary the ratio of C/(Si + C) between Si and C in terms of the number of atoms, the kinds 
and the flow rates of the SiC source material and the C source material as the starting material need to be varied. 

In the SiC film, hydrogen, halogen, etc. are contained as inevitable impurities. 
so We have found that in this way, even though a CVD process capable of forming the film on the substrate 

having a low melting point at low temperatures is used, films having excellent corrosion resistance may be 
obtained. 

Preferred features and advantages of the invention will be appreciated upon reading of the following des- 
cription of embodiments when taken in conjunction with the attached drawings, with the understanding that 
55 these are given only as examples and modifications, variations and changes of the same could be made by 
the skilled person in the art to which the invention pertains. 
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For a better understanding of the invention, reference is made to the attached drawings, wherein: 

Fig. 1 is a concept view for illustrating an example of the process for producing the composite material 

according to the present invention; 

Fig. 2 is a concept view for illustrating another example of the process for producing the composite material 
s according to the present invention; and 

Figs. 3a and 3b are views illustrating a chemical reactor vessel and a pipe line, respectively. 

Fig. 1 is the concept view for illustrating an example of the producing process embodying the present inven- 
tion. In the example of Fig. 1, a vessel provided with a gas introduction inlet 1 and a gas discharge outlet 2 is 
used for a plasma CVD apparatus. In this example of Fig. 1 , an anode 4 and a heater 5-1 are provided in an 
w upper portion of the vessel, and a cathode 6 and a heater 5-2 are provided in a lower portion. A high frequency 
power source 8 is provided between the anode 4 and the cathode 6 through a matching box 7. 

An amorphous SiC film is formed by the plasma CVD apparatus shown in Fig. 1 as follows: 

First, samples 9-1, 9-2 upon which the SiC film is to be vapor deposited are placed on the anode 4 and 
the cathode 6, respectively. Then, radio frequency power of, for example, 10 W, is applied between the anode 
15 4 and the cathode 6 by the high frequency power source 8, and the cathode and the anode are heated to 500°C 
by the heaters 5-1 and 5-2. In this state, a starting material composed of an Si source material such as a hydride, 
for example, SiH 4 , and a C source material such as CH 4 is fed through the gas introduction inlet 1, and the 
atmospheric gas inside the vessel 3 is sucked through the gas discharge outlet 2. By so doing, the plasma atoms 
are transmitted from the anode 4 to the cathode 6, the gaseous starting material is decomposed and vapor 
20 deposited onto the samples 9-1 and 9-2 to form the amorphous SiC film on each of the samples 9-1 and 9-2. 

Fig. 2 is the concept view for illustrating another producing process to which the present techniques are 
applied. In the Example of Fig. 2, an amorphous SiC film is formed on the entire inner surface of a vessel 3. 
In Fig. 2, same reference numerals are given to the same or similar parts as those in Fig. 1, and explanation 
thereon is omitted. The example in Fig. 2 differs from that in Fig. 1 in that a DC power source 11 is connected 
25 such that the entire vessel 3 to be coated may be served as a cathode 6. Thereby, the plasma is generated 
toward the entire inner surface of the vessel 3 from the anode 4, so that the entire inner surface of the vessel 
3 may be covered with the amorphous SiC film. 

Figs. 3a and 3b illustrate a chemical reactor vessel 12 and a pipe line 13 each composed of a composite 
material embodying the present invention. In each of the reactor vessel 12 and the pipeline 13, the inner surface 
30 is provided with the amorphous SiC film layer 14. Therefore, the reactor vessel 12 and the pipe line 13 possess 
excellent corrosion resistance. Each of these reactor vessel 12 and the pipe line 13 is produced by using a 
producing process similar to that in Fig. 2. 

In the following, film-fonming conditions are summarized in Table 1. 
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The ratio between Si atoms and C atoms in the amorphous SiC film can be changed by varying the kinds 
and the flow rates of the raw gaseous materials in Table 1. 

Examples of the present invention will be explained below together with Comparative Examples. 

Examples 

In order to examine the corrosion resistance of composite materials, SiH 4 and CH 4 were used as gaseous 
starting materials in respective amounts in Table 3. The temperatures of substrates on the anode and cathode 
sides were set at 300°C and room temperature, respectively, and 4,000 A thick amorphous SiC films having 
different ratios of C/(Si + C) in terms of the number of atoms were formed on aluminum substrates by the 
apparatus shown in Fig. 1 through application of RF power of 100-300 W under a gas pressure of 10 mTorr - 
3 Torr while the flow rates of SiH 4 and CH 4 were varied. Thereby, composite materials according to the present 
invention and Comparative Example were obtained. 

The producing conditions were as follows: 



Kind of gas 



Si source : SiH 4 

C source : CH 4 

Diluting gas : Ar, H 2 

Substrate temperature : room temperature, to 400°C 
Power : 1 W to 300 W 

Gas pressure :10 m Torr - 3 Ton- 

Film thickness : 100 A - 30 nm 

Gas flow rate : SiH 4 0.1 -100 seem, 

CH 4 0.1 -400 seem 

Each of the thus obtained composite materials embodying the present invention, and of the Comparative 
Examples.was subjected to a Cf F 3 exposure test serving as a criterion for judging corrosion resistance by plac- 
ing the sample in a vacuum vessel and filling the vessel with a Cf F 3 gas diluted to 5% with nitrogen up to 1 
atm at room temperature after the vessel was evacuated to vacuum. The vacuum vessel had such a volume 
as to maintain the concentration of the Cf F 3 gas at 3% or more even if the film of the sample were all reacted 
and diminished. Then, a water contact angle, change in color (visual observation) after the exposure test, and 
positional changes in ESCA peaks of C 1a and Si 2P were determined between before and after th6 exposure 
judgment. 

The contact angle was measured by a photograph, and water-repellent property was evaluated. 
The surfaces of the composite materials were analyzed by ESCA as follows: 

That is, the surface of each of the samples (not having undergone the above exposure test)was etched 
with Ar ions, and a time period up to a point of time when intensity of signals came to cause no change after 
the starting of the etching was determined. The measurement values were obtained with respect to the exposed 
samples after they were etched for the above time period. The locations of peaks in the ESCA reflect the chemi- 
cally bound state of noted atoms, and have chemical shifts shown in Table 2. 
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Table 2 



Kind of bond 


Chemical shift (eV) 


C (graphite) 


Cis 284.2 


SiC 


C ls 283.3 


CF 


C ls 287.8-288.4 


CF 2 


Cis 292.5 


Si 


Si 2 p 99.1 


Si0 2 


Si2P 103.6 


SiC 


Si 2 p 100.4 



20 From the results, it is determined which was greatest, C-C, C-Si, or S-Si regarding bonds between Si and 

C before the exposure, and it is also determined which was greater, C-F or Si-F bonds after the exposure. The 
smaller the difference in shift amount between before and after the exposure, the better the corrosion resist- 
ance. 

The ratio of C/(Si + C) was determined by an interpolation method with use of a FZ-Si single crystal as a 
25 standard sample. Results are shown in Table 3. 
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From Table 3, it is seen that the samples having the value of C/(Si + C) not less than 0.03 had the smaller 
difference in the ESCA peak positions, better corrosion resistance, greater contact angle, and better water- 
repellent property as compared with those having the value of C/(Si + C) less than 0.03. 

Further, it is seen that when the value is not less than 0.3, the color of the film did not change, and more 
excellent properties were obtained. 

As clear from the above-mentioned explanation, according to the composite material and the producing 
process in embodiments of the present invention, since the amorphous SiC film having the given ratio between 
C and Si in terms of the the number of atoms is formed on the surface of the structural material by the plasma 
CVD process, the SiC film can be formed on the surface of the substrate at low temperatures. Thus, the com- 
posite material using the low melting point material can be obtained. 



Claims 

1. A composite material comprising a structural material, and an amorphous SiC film covering a surface of 
the structural material, a ratio:C/(Si + C) between C and Si being not less than 0.03 and not more than 1 
in terms of the number of atoms. 

2. A composite material according to Claim 1, wherein the ratio of C/(Si + C) is not less than 0.3 in terms of 
the number of atoms. 

3. A process for producing a composite material, comprising forming an amorphous SiC film onto a surface 
of a structural material by a plasma CVD, said amorphous SiC film having a ratio C/(Si + C) between C 
and Si not less than 0.3 in terms of the number of atoms. 

4. A process according to Claim 3, wherein the plasma CVD is effected in the state that the structural material 
is fitted onto a side of a cathode. 

5. A process according to Claim 3, wherein the plasma CVD is effected in the state that the structural material 
is used as an electrode. 

6. A process according to any one of claims 3 to 5 in which the structural material is at a temperature below 
400°C durng the CVD. 
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FIG. 3a 




FIG. 3b 
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